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Plants having modified growth characteristics and method for 

making the same 



Field of the invention 

The present Invention concerns a method for modifying plant growth characteristics. More 
5 specifically, the present invention concerns a method for modifying plant growth characteristics 
by modulating expression of a nucleic acid sequence encoding, a TOB3-like protein fragment 
and/or activity of a T0B3-llke protein fragment in a plant The present invention also concerns 
plants having modulated expression of a nucleic add sequence encoding a TOB3-like protein 
fragment and/or modulated activity of a TOB3-like protein fragment, which plants have 
10 modified growth characteristics relative to corresponding wild type plants. 



Background of the invention 

The AAA protein family (ATPases Associated with various cellular Activities) represents 
proteins with a highly conserved ATP binding domain of about 230 amino adds, that exhibit 

15 ATPase activity. The AAA domains are organised in hexameric rings that undergo 
conformational changes upon hydroiysing ATP. This mechanical activity allows unfolding of 
associated proteins, protein-protein dissociation etc. As a result, the AAA proteins play a role 
in different cellular processes, including cell cycle, organelle synthesis, mitochondrial 
functioning, vesicle transport, protein turnover, regulation of the cytoskeleton and Intracellular 

20 motility. AAA proteins are widespread and have been characterised in Archaea, Eubacterfa 
and all Eukaryotic kingdoms. The AAA domain is required for protein functioning, but its 
precise function is still a matter of speculation. 

Given the ever-increasing world population, it remains a major goal of agricultural research to 
improve the efficiency of agriculture and to increase the diversity of plants in horticulture. 

25 Conventional means for crop and horticultural Improvements utilise selective breeding 
techniques to identify plants having desirable characteristics. However, such selective 
breeding techniques have several drawbacks, namely that these techniques are typically 
labour intensive and result in plants that often contain heterogeneous genetic complements 
that may not always result in the desirable trait being passed on from parent plants. Advances 

30 in molecular biology have allowed mankind to manipulate the germplasm of animals and 
plants. Genetic engineering of plants entails the isolation and manipulation of genetic material 
(typically in the form of DNA or RNA) and the subsequent introduction of that genetic material 
into a plant. Such technology has led to the development of plants having various improved 
economic, agronomic or horticultural traits. A trait of particular economic interest is high yield. 

35 
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Detailed description 

Therefore according to a first embodiment of the present inverraon mere ,s p.ov.ucu « 
for modifying the growth characteristics of a plant, comprising modulating expression m a plant 
of a nucleic acid sequence encoding the ATPase domain of a TOB34Ike protein (TOB3- 
ATPase Domain, TAD) and/or modulating activity in a plant of the TAD. 

Modulating (enhancing or decreasing) expression of a nucleic acid sequence encoding a TAD 
or modulation of the activity of the TAD itself encompasses altered expression of a gene 
and/or altered levels of a gene product, namely a polypeptide, In specific cells or tissues. 



10 



Advantageously, modulation of expression of a nucleic acid sequence encoding a TAD and/or 
modulation of activity of the TAD itself may be effected by chemical means, l.e. by exogenous 
application of one or more compounds or elements capable of modulating activity of the TAD 
and/or capable of modulating expression of a TAD gene fragment (Le. a fragment encoding the 
15 ATPase domain of a TOB3-like gene, which may be either an endogenous gene or a 
transgene introduced into a plant). The exogenous application may comprise contacting or 
administering cells, tissues, organs or organisms with the gene product or a homologue. 
derivative or active fragment thereof and/or to antibodies to the gene product Such antibodies 
may comprise "^antibodies'*, single chain antibodies, lgG antibodies and heavy chain camel 
20 antibodies, as well as fragments thereof. Modulation of expression of a nucleic acid sequence 
encoding a TAD and/or modulation of activity of the TAD itself may also be effected as a result 
of decreased levels of factors that directly or indirectly activate or Inactivate a TAD. 
Additionally or alternatively, contacting or administering cells, tissues, organs or onanisms 
with an Interacting protein or to an Inhibitor or activator of the gene product provides another 
25 exogenous means for modulation of expression of a nucleic acid sequence encoding a TAD 
and/or for modulation of activity of the TAD itself. 

Therefore, according to one aspect of the present invention, there is provided a method for 
modifying the growth characteristics of a plant, comprising exogenous application of one or 
30 more compounds or elements capable of modulating expression of a TAD gene fragment 
and/or capable of modulating activity of a TAD. 

Additionally or alternatively, and according to a preferred embodiment of the present Invention, 
modulation of expression of a nucleic acid sequence encoding a TAD and/or modulation of 
35 activity of the TAD itself may be effected by recombinant means. Such recombinant means 
may comprise a direct and/or indirect approach for modulation of expression of a nucleic acid 
sequence and/or for modulation of the activity of a protein. 



01/04 '03 15:34 FAX 3292415089 



_CR0PDESIGN N. V. 



@014 

014 01.04.2003 16:35:3: 



684-TOB3-PROV 



For example, an Indirect approach may comprise introducing, into a plant, a nucleic acid 
sequence capable of modulating activity of the protein in question (a TAD) and/or expression 
of the gene in question (a gene fragment encoding a TAD), The TAD gene fragment or the 

5 TAD may be wild type, i.e. the native or endogenous nucleic acid or polypeptide. Alternatively, 
ft may be a nudelc acid derived from the same or another species, which gene Is Introduced 
as a transgene, for example by transformation. This transgene may be substantially modified 
from its native form In composition and/or genomic environment through deliberate human 
manipulation. Also encompassed by an Indirect approach for modulating activity of a TAD 

10 and/or expression of a TAD gene fragment is the Inhibition or stimulation of regulatory 
sequences that drive expression of the native gene or transgene. Such regulatory sequences 
may be introduced Into a plant. 

A direct and preferred approach on the other hand comprises introducing into a plant a nudelc 

15 acid sequence encoding a TAD or a homologue, derivative or active fragment thereof. The 
nudeic acid sequence may be introduced into a plant by, for example, transformation. The 
nudelc add sequence may be derived (either directly or indirectly (if subsequently modified)) 
from any source provided that the sequence, when expressed in a plant, leads to modulated 
expression of a TAD encoding nucleic add or modulated activity of a TAD. The nudelc add 

20 sequence may be isolated from a microbial source, such as bacteria, yeast or fungi, or from a 
plant, algal or animal (Inducting human) source. This nudeic add may be substantially 
modified from its native form in composition and/or genomic environment through deliberate 
human manipulation. The nudeic acid sequence is preferably a homologous nucleic acid 
sequence, I.e. a nucleic add sequence obtained from a plant, whether from the same plant 

25 species or different. The nucleic add sequence is isolated from a dicotyledonous speries, 
preferably from the family Solanaceae, further preferably from Nicotiana tabacum. More 
preferably, the nucleic add is as represented by SEQ ID NO: 1 or a portion thereof or a nudeic 
add sequence capable of hybridising therewith or is a nucleic acid sequence encoding an 
amino acid sequence represented by SEQ ID NO; 2 or a homologue, derivative or active 

30 fragment thereof. 

The term TAD encoding nudeic add sequence/gene (fragment), as defined herein, refers to a 
nudeic add sequence as represented by SEQ ID NO; 1 or a portion thereof or to nudelc add 
sequences capable of hybridising therewith, which hybridising sequences encode proteins 
35 having TAD-like activity, i.e. similar biological activity to that of SEQ ID NO: 1, and to nudeic 
acid sequences encoding an amino acid sequence represented by SEQ ID NO: 2 or a 
homologue, derivative or active fragment thereof. 
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Advantageously, the method according to the present invention may also be practised using 
portions of a sequence represented by SEQ ID NO: 1 or by using sequences that hybridise 
(preferably under stringent conditions) to SEQ ID NO; 1 (which hybridising sequences encode 
5 proteins having TAD-like activity), or by using homologues, derivatives or active fragments of a 
sequence according to SEQ ID NO: 2. 

The sequence represented by SEQ ID NO; 1 was hitherto unknown. There is therefore 
provided an isolated nucleic add sequence comprising: 
1 0 (0 a nucleic acid sequence represented by SEQ ID NO: 1 ; 

(fi) a nucleic add sequence encoding an amino acid sequence represented by SEQ ID 

NO: 2, or homologues, derivatives or active fragments thereof; 
(ill) a nucleic acid sequence capable of hybridising (preferably under stringent conditions) 

with a nucleic acid sequence of (i) or (ii) above, which hybridising sequence encodes a 
1 5 protein having TAD-Bke activity; 

(jv) a nucleic acid sequence according to 0) to (III) above which Is degenerate as a result of 

the genetic code; and 

(v) a portion of a nucleic add sequence according to any of (i) to (iv) above, which portion 
preferably encodes a protein having TAD-like activity. 

20 

Methods for the search and Identification of TAD-like homologues would be well within the 
realm of a person skilled in the art Methods for the alignment of sequences for comparison 
are well known in the art, such methods include GAP, BESTFIT, BLAST, FASTA and TFASTA. 
GAP uses the algorithm of Needleman and Wunsch (J. Mol. Biol. 48: 443-453, 1970) to find 
25 the alignment of two complete sequences that maximises the number of matches and 
minimises the number of gaps. The BLAST algorithm calculates percent sequence Identity 
and performs a statistical analysis of the similarity between the two sequences. The software 
for performing BLAST analysis is publicly available through the National Centre for 
Biotechnology Information. 

30 

"Homologues* of a TAD encompass peptides, oligopeptides, polypeptides, proteins and 
enzymes having amino acid substitutions, deletions and/or Insertions relative to the unmodified 
protein in question and having similar biological and functional activity as the unmodified 
protein from which they are derived. To produce such homologues, amino acids of the protein 
35 may be replaced by other amino acids having similar properties (such as similar 
hydrophoblcity, hydrophilicfty, antigenicity, propensity to form or break ct-helicaJ structures or 0- 
sheet structures). Conservative substitution tables are well known in the art (see for example 
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Creighton (1984) Proteins. W-H. Freeman and Company). The homologues useful in the 
method according to the invention have at least 50% sequence identity or similarity (functional 
identity) to the unmodified protein, alternatively at least 60% sequence identity or similarity to 
an unmodified protein, alternatively at least 70% sequence identity or similarity to an 
5 unmodified protein. Typically, the homologues have at least 80% sequence identity or 
similarity to an unmodified protein, preferably at least 85% sequence identity or similarity, 
further preferably at least 90% sequence identity or similarity to an unmodified protein, most 
preferably at least 95% sequence identity or similarity to an unmodified protein. 

10 Two special forms of homology, orthologous and paralogous, are evolutionary concepts used 
to describe ancestral relationships of genes. The term "paralogous' relates to gene* 
duplications within the genome of a species leading to paralogous genes. The term 
"orthologous" relates to homologous genes In different organisms due to ancestral relationship. 
The term "homologues" as used herein also encompasses paralogues and orthologues of the 

15 proteins useful in the methods according to the invention. 

"Substitutional variants 0 of a protein are those in which at least one residue in an amino acid 
sequence has been removed and a different residue Inserted In its place. Amino acid 
substitutions are typically of single residues, but may be clustered depending upon functional 
20 constraints placed upon the polypeptide; insertions will usually be of the order of about 1-10 
amino acid residues, and deletions will range from about 1-20 residues. Preferably, amino 
acid substitutions comprise conservative amino acid substitutions. 

"Insertional variants" of a protein are those in which one or more amino acid residues are 
25 introduced into a predetermined site in a protein. Insertions can comprise amlno-terminal 
and/or carboxy-termlnal fusions as well as intra-sequence Insertions of single or multiple amino 
acids. Generally, Insertions within the amino acid sequence will be smaller than amino- or 
qarboxy-terminal fusions, of the order of about 1 to 10 residues. Examples of amino- or 
carboxy-termlnal fusion proteins or peptides Include the binding domain or activation domain of 
30 a transcriptional activator as used In the yeast two-hybrid system, phage coat proteins, 
(histid!ne)e-tag, glutathione S-transferase-tag,' protein A, maltose-binding protein, dihydrofolate 
reductase, Tag-100 epitope, o-myc epitope, FLAG^-epitope, lacZ, CMP (calmodulin-binding 
peptide), HA epitope, protein C epitope and VSV epitope. The fulMength protein from which 
the TAD Is derived, namely the TOB3-like protein, and portions thereof are also encompassed 
35 by the term "Insertional variants - . 
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"Deletion variants" of a protein are characterised by the removal of one or more amino adds 

from the protein. /\nuno auu vcuuanua wv « ^.ww. "V " " ~ -="-«nth*=>Hr> 

techniques well known in the art, such as soiid phase peptide synthesis and the like, or by 
recombinant PNA manipulations. Methods for.the manipulation of DIMA sequences to produce 
5 substitution, Insertion or deletion variants of a protein are well known in the art. For example, 
techniques for making substitution mutations at predetermined sites in DNA are well known to 
those skilled in the art and include M13 mutagenesis, T7-Gen in vitro mutagenesis (USB, 
Cleveland, OH), QuickChange Site Directed mutagenesis (Stratagene, San Diego, CA), PCR- 
medlated site-directed mutagenesis or other site-directed mutagenesis protocols. 

10 

The term "derivatives" refers to peptides, oligopeptides, polypeptides, proteins and enzymes 
which may comprise substitutions, deletions or additions of naturally and non-naturally 
occurring amino acid residues compared to the amino acid sequence of a naturally-occurring 
form of the protein, for example, as presented in SEQ ID NO: 2. "Derivatives 0 of a TAD 

15 encompass peptides, oligopeptides, polypeptides, proteins and enzymes which may comprise 
naturally occurring altered, glycosylated, acylated or non-naturally occurring amino acid 
residues compared to the amino add sequence of a naturally-occurring form of the 
polypeptide. A derivative may also comprise one or more norvamino acid substituents 
compared to the amino acid sequence from which it is derived, for example a reporter 

20 molecule or other iigand, covalently or non-covaientiy bound to the amino acid sequence such 
as, for example, a reporter molecule which is bound to facilitate its detection, and non-naturally 
occurring amino acid residues relative to the amino acid sequence of a naturally-occurring 
protein. 



25 "Active fragments" of a TAD encompasses at least five contiguous amino acid residues of a 
protein, which residues retain similar biological and/or functional activity to the naturally 
occurring protein* 

Advantageously, the method according to the present invention may also be practised using 
30 portions of a DNA or nucleic acid sequence, which portions retain TAD-like activity, i.e. a 
similar biological function to that of SEQ ID NO: 2. Portions of a DNA sequence refer to a 
piece of DNA derived or prepared from an original (larger) DNA molecule, which DNA portion, 
when expressed in a plant, gives rise to plants having modified growth characteristics. The 
portion may comprise many genes, with or without additional control elements, or may contain 
35 just spacer sequences etc. 
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The present Invention also encompasses nucleic acid sequences capable of hybridising with a 
nucleic acid sequence encoding a TAD. which nucleic add sequences may also be useful in 
practising the methods according to the invention. TTne term "hybridisation" as defined herein 
is a process wherein substantially homologous complementary nucleotide sequences anneal 
5 to each other. The hybridisation process can occur entirely in solution, i.e. both 
complementary nucleic acids are In solution. Tools in molecular biology relying on such a 
process include the polymerase chain reaction (PCR; and all methods based thereon), 
subtractive hybridisation, random primer extension, nuclease S1 mapping, primer extension, 
reveree transcription, cDNA synthesis, differential display of RNAs. and DNA sequence 
10 determination. The hybridisation process can also occur with one of the complementary 
nudeic adds Immobilised to a matrix such as magnetic beads, Sepharose beads or any other 
resin. Tools in molecular biology relying on such a process indude the isolation of poly (A+) 
mRNA. The hybridisation process can furthermore occur with one of the complementary 
nudeic acid9 Immobilised to a solid supportsuch as a nitro-cellulose or nylon membrane or 
15 immobilised by e.g. photolithography to, for example, a siliceous glass support (the latter 
known as nudeic add arrays or mlcroarray? or as nucleic add chips). Tools In molecular 
biology relying on such a process indude RNA and DNA gel blot analysis, colony hybridisation, 
plaque hybridisation, In situ hybridisation and microarray hybridisation. In order to allow 
hybridisation to occur, the nucleic add molecules are generally thermally or chemically 
20 denatured to melt a double strand into two single strands and/or to remove hairpins or other 
secondary structures from single stranded nucleic adds. The stringency of hybridisation is 
influenced by conditions such as temperature, 9alt concentration and hybridisation buffer 
composition. High stringency conditions for hybridisation include high temperature and/or low . , 
salt concentration (salts indude NaCI and Na 3 -dtrate) and/or the indusion of formamide in the 
25 hybridisation buffer and/or lowering the concentration of compounds such as SDS (sodium 
dodecyl sulphate) in the hybridisation buffer and/or exduslon of compounds such as dextran 
sulphate or polyethylene glycol (promoting molecular crowding) from the hybridisation buffer. 
Conventional hybridisation conditions are ; described in, for example, Sambrook (2001) 
Molecular Cloning: a laboratory manual, 3rti Edition Cold Spring Harbor Laboratory Press, 
30 CSH, New York, but the skilled man vdll appreciate that numerous different hybridisation 
conditions can be designed in function bf the known or the expected homology and/or length of 
the nucleic add sequence. Specifidally hybridising refers to hybridising under stringent 
conditions, i.e. at a temperature of 66°C followed by washes In 2XSSC, 0.1XSDS, and 1X 
SSC, 0.1X SDS. Sufficiently low stringency hybridisation conditions are particularly preferred 
35 for the isolation of nucleic adds homologous to the DNA sequences of the invention defined 
' supra. Elements contributing to homology indude allelism, degeneration of the genetic code 
and differences in preferred codon usage. 
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The methods according to the present invention may also be practised using an alternative 
splice variant of a nucleic acid sequence encoding a TAD. The term "alternative splice variant? 
as used herein encompasses variants of a nucleic add sequence in which selected introns 
and/or exons have been excised, replaced or added. Such variants will be ones in which the 
biological activity of the protein remains unaffected, which can be achieved by selectively 
retaining functional segments of the protein. Such splice variants may be found in nature or 
can be manmade. Methods for making such splice variants are well known in the art 
Therefore according to another aspect of the present Invention, there Is provided, a method for 
modifying the growth characteristics of plants, comprising modulating expression In a plant of 
an alternative splice variant of a nucleic acid; sequence encoding a TAD and/or by modulating 
activity of a TAD encoded by the alternative, splice variant. Preferably, the splice variant is a 
splice variant of the sequence represented by SEQ ID NO; 1 . 

15 Advantageously, the methods according to the present Invention may also be practised using 
allelic variants of a nucleic acid sequence encoding a TAD, preferably an allelic variant of a 
sequence represented by SEQ ID NO: 1. Allelic variants exist in nature and encompassed 
within the methods of the present invention 1 is the use of these natural alleles. The use of 
these allelic variants in particular conventional breeding programmes, such as In marker- 

20 assisted breeding is also encompassed by the present invention; this may be in addition to 
their use in the methods according to the present Invention. Such breeding programmes 
sometimes require the Introduction of allelic variations In the plants by mutagenic treatment of 
a plant. One suitable mutagenic method is EMS mutagenesis. Identification of allelic variants 
then takes place by, for example, PCR. Trtis Is followed by a selection step for selection of 

25 superior allelic variants of the sequence in question and which give rise to altered growth 
characteristics In a plant Selection is .typically carried out by monitoring growth performance 
of plants containing different allelic variants of the sequence in question, for example, different 
allelic variants of SEQ ID NO: 1. Monitoring growth performance can be done In a greenhouse 
or In the field. Further optional steps Include crossing plants, in which the superior allelic 

30 variant was identified, with another plant! This could be used, for example, to make a 
combination of Interesting phenotypip features. Allelic variants also encompass Single 
Nucleotide Polymorphisms (SNPs), as well as Small Insertion/Deletion Polymorphisms 
(INDELs). The size of INDELs is usuafly less than 100 bp. SNPs and INDELs form the largest 
set of sequence variants in naturally occurring polymorphic strains of most organisms. 

35 

According to another aspect of the present Invention, advantage may be taken of the 
nucleotide sequence capable of modulating expression of a nucleic acid encoding a TAD In 
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breeding programmes. The nucleic acid sequence may be on a chromosome, or a part 
thereof, comprising at least the nucleic add sequence encoding the TAD and preferably also 
one or more related family members. In an example of such a breeding programme, a DNA 
marker Is Identified which may be genetically linked to a gene capable of modulating 
5 expression of a nucleic acid encoding a TAD in a plant, which gene may be a gene encoding 
the TAD teetf or any other gene which may directly or Indirectly influence expression of the 
gene encoding a TAD and/or activity of the TAD Itself. This DNA marker may then used in 
breeding programs to select plants having altered growth characteristics. 

10 The methods according to the present invention may also be practised by Introducing Into a 
plant at least a part of a (natural or artificial) chromosome (such as a Bacterial Artificial 
Chromosome (BAC)), which chromosome contains at least a gene/nucleic add sequence 
encoding a TAD (such as SEQ ID NO: 1), preferably together with one or more related gene 
family members. Therefore, according to a further aspect of the present invention, there is 

15 provided a method for modifying the growth characteristics of plants by introducing Into a plant 
at least a part of a chromosome comprising at least a gene/nucleic add encoding a TAD. 

According to one aspect of the present invention, enhanced or Increased expression of a 
nucleic add is envisaged. Methods for obtaining enhanced or increased expression of genes 

20 or gene products are well documented In the art and include, for example, overexpresslon 
driven by a strong promoter, the use of transcription enhancers or translation enhancers. 
Preferably, the nudeic acid to be overexpressed encodes a TAD, further preferably the nucleic 
acid sequence encoding the TAD is Isolated from a dicotyledonous plant, preferably of the 
family Solanaceae, further preferably wherein the sequence is isolated from Nicotiana 

25 tabacum, most preferably the nucleic acid sequence is as represented by SEQ ID NO: 1 or a 
portion thereof, or encodes an amino add sequence as represented by SEQ ID NO: 2 or a 
homologue, derivative or active fragment thereof. It should be noted that the applicability of 
the invention is not limited to use of the nucleic acid represented by SEQ ID NO: 1 nor to the 
nucleic add sequence encoding the amino acid sequence of SEQ ID NO: 2, but that other 

30 nudeic add sequences encoding homologues, derivatives or active fragments of SEQ ID NO: 
2. or portions of SEQ ID NO: 1, or sequences hybridising with SEQ JD NO: 1 may be used in 
the methods of the present Invention. 

According to another aspect of the present invention, decreased expression of a nucleic acid 
35 sequence is envisaged Modulating gene expression (whether by a direct or Indirect 
approach) encompasses altered transcript levels of a gene. Altered transcript levels can be 
sufficient to Induce certain phenotypic effects, for example via the mechanism of 
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activity in the cell of the protein encoded by a native gene having homology to the Introduced 
transgene. Other examples of decreasing expression are also well documented in the art and 
Include, for example, downregulation of expression by anti-sense techniques, co-suppression 
5 techniques, RNAi techniques, small interference RNAs (siRNAs), microRNA (miRNA), the use 
of ribozymes, etc. Therefore according to a particular aspect of the Invention, there is provided 
a method for modulating growth characteristics of plants, including technologies that are based 
on the synthesis of antisense transcripts, : complementary to the mRMA of a TAD gene 
fragment, or based on RNA interference. Advantageously, the methods according to the 

10 • present Invention may also be practised by downregulation of a nucleic acid sequence 
encoding a TAD. Plants having modified growth characteristics may be obtained by 
expressing a nucleic acid sequence encoding a TAD in either sense or antisense orientation. 
Techniques for downregulation ere well known in the art The terms "gene silencing* or 
"downregulation 0 of expression, as used herein, refer to lowering levels of gene expression 

15 and/or levels of active gene product and/or levels of gene product activity. Such decreases In 
expression may be accomplished by, for example, the addition of coding sequences or parts 
thereof in a sense orientation (if it is desired to achieve co-suppression). Therefore, according 
to one aspect of the present Invention, the growth of a plant may be modified by introducing 
Into a plant an additional copy (in full or In part) of a TAD gene fragment already present In a 

20 host plant The additional gene will silence the endogenous gene, giving rise to a 
phenomenon known as co-suppression. [ 

Genetic constructs aimed at silencing gene expression may comprise the TAD encoding 
nucleotide sequence, for example as represented by SEQ ID NO: 1 (or one or more portions 

25 thereof) in a sense and/or antisense orientation relative to the promoter sequence. The sense 
or antisense copies of at least part of the endogenous gene in the form of direct or inverted 
repeats may be utilised in the methods according to the invention. The growth characteristics 
of plants may also be modified by introducing into a plant at least part of an antisense version 
of the nucleotide sequence represented, forjexample, by SEQ ID NO: 1. it should be clear that 

30 part of the nucleic acid (a portion) could achieve the desired result. Homologous anti-sense 
genes are preferred to heterologous anti-sense genes, homologous genes being plant genes, 
preferably plant genes from the same plant Species, and heterologous genes being genes from 
non-plant species. : 

i 

35 Another method for downregulation of gene expression or gene silencing comprises use of 

ribozymes, for example as described in Atkins et al. 1994 (WO 94/00012), Lenee et aL 1995 

* 

i 

: 
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(WO 95/03404). Lutziger et al. 2000 (WO 00/00619), Prinsen et al. 1997 (WO 97/3865) and 
Scott et al. 1997 (WO 97/38116). 



Gene silencing may also be achieved by insertion mutagenesis (for example, T-DIMA insertion 
5 or transposon insertion) or by gene silencing strategies as described by, among others, Angeil 
and Baulcombe 1998 (WO 98/36083), Lowe et al. 1989 (WO 98/53083). Lederer et al. 1999 
(WO 99/15682) or Wang et al. 1999 (WO 99/53050). Expression of an endogenous gene may 
also be reduced if the endogenous gene contains a mutation. Such a mutant gene may be 
Isolated and Introduced into the same or different plant species In order to obtain plants having 
1 0 modified growth characteristics. 



According to a second embodiment of the present invention, genetic constructs and vectors to 
facilitate introduction and/or expression of the nucleotide sequences useful In the methods 
according to the invention are provided. Therefore, according to a second embodiment of the 
15 present Invention, there Is provided a gene construct comprising: 

<i) a nucleic acid sequence capable of modulating expression of a nucleic acid 

encoding a TAD and/or activity of a TAD; 
(II) one or more control sequences capable of driving expression of the nucleic add 
sequence of (I); and optionally 
20 (ill) a transcription termination sequence.' 

Constructs useful in the methods according to the present invention may be constructed using 
recombinant DNA technology well known to persons skilled in the art. The gene constructs 
may be inserted into vectors, which may be commercially available, suitable for transforming 
25 into plants and suitable for expression of the gene of interest In the transformed cells. 

The nucleic acid sequence capable of modulating expression of a nucleic acid encoding a TAD 
and/or activity of the TAD Itself may be a nucleic add sequence encoding a TAD or a 
homologue, derivative or active fragment thereof, such as any of the nucleic acid sequences 
30 described hereinbefore. A prefened nucleic acid sequence is the sequence represented by 
SEQ ID NO: 1 or a portion thereof or sequences capable of hybridising therewith or a nucleic 
acid sequence encoding a sequence represented by SEQ ID NO: 2 or a homologue, derivative 
or active fragment thereof. 



Plants are transformed with a vector comprising the sequence of Interest (i.e., the nucleic acid 
sequence capable of modulating expression of a nucleic acid encoding a TAD), which 
sequence Is operably linked to One or more control sequences (at least a promoter). The 



11 
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the sequences to which they are ligated. 
transcriptional regulatory sequences derived 



Interchangeably and are to tie taken In a broaJ context to refer to regulatory nucleic acid 
sequences capable of effecting expression of 
Encompassed by the aforementioned terms are 
from a classical eukaryotic genomic gene (including the TATA box which is required for 
accurate transcription initiation, with or wlthoit a CCAAT box sequence) and additional 
regulatory elements (Le. upstream activating seduences, enhancers and silencers) which alter 
gene expression in response to developmental and/or external stimuli, or in a tissue-specific 
manner. Also included within the term is a transcriptional regulatory sequence of a classical 
prokaryottc gene, in which case it may include a -35 box sequence andfor -10 box 
transcriptional regulatory sequences. The teni "regulatory element" also encompasses a 
synthetic fusion molecule or derivative which cc nfers, activates or enhances expression of a 
nucleic acid molecule in a cell, tissue or orgar 
sequence 0 , "regulatory element" and "promoted 



The terms "control sequence", "regulatory 
are used interchangeably herein. The term 
"operably linked" as used herein refers to a functional linkage between the promoter sequence 
and the gene of Interest such that the promoter sequence Is able to Initiate transcription of the 
gene of interest 



Advantageously, any type of promoter may be 
sequence depending on the desired outcome 



such as the rnr (ribonucleotide reductase), cdc2a promoter and the cyc07 promoter, could be 



used to effect expression in all growing parts of 
which In turn would increase yield or biomass 



seed characteristics, such as the storage capacity, seed size, seed number, biomass etc., then 
a seed-specific promoter, such as p2S2, pPRDLAMlN, pOLEOSIN could be selected. An 



ateurone-speciflc promoter may be selected it 
germination, thereby increasing the transport 
specific promoter, such as pLEAFY, may be util 



petal-specific promoter. If the desired ou 



to Increased growth and/or increased biomass 



35 of the root. This would be particularly important where it is the root itself that Is the desired end 



product such crops include sugar beet, turnip; 



used to drive expression of the nucleic acid 
For example, a merfstem-specific promoter, 



the plant thereby increasing cell proliferation, 
If the desired outcome would be to influence 



order to increase growth at the moment of 
5f sugars to the embryo. An inflorescence- 
sed If the desired outcome would be to modify 



the number of flower organs. To produce rr ale-sterile plants one would need an anther 
specific promoter. To impact on flower architecture for example petal size, one could choose a 



:come would be to modify growth andVor 



developmental characteristics in particular organs, then the choice of the promoter would 
depend on the organ to be modified. For exam ale, use of a root-specific promoter would lead 



i >r yield of the root and/or phenotyplc alteration 



carrot and potato. A fruit-specific promoter 



may be used to modify, for example, the strength of the outer skin of the fruit or to increase the 

* 
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size of the fruit A green tissue-specific pfomot >r may be used to increase leaf size. A cell 
wan-specific promoter may be used to Increase he rigidity of the cell wall, thereby Increasing 
pathogen resistance. An anther-specific promote r may be used to produce male-sterile plants. 
A vascular-specific promoter may be used to increase transport from leaves to seeds. A 
nodule-specific promoter may be used to Increa se the nitrogen fixing capabilities of a plant, 
thereby increasing the nutrient levels in a plant \ stresa-lnducible promoter may also be used 
to drive expression of a nucielc acid to Increase membrane Integrity during conditions of 
stress. A stress inducible promoter such-as the water stress Induced promoter WSI18. the 
drought stress induced Trg-31 promoter, the ABA related promoter rab21 or any other 
promoter which is induced under a particular strc ss condition such as temperature stress (cold, 
freezing, heat) or osmotic stress, or drought stress or oxidative stress or biotte stress can be 
used to drive expression of a TAD encoding nut lelc acid. Plants of commercial interest such 



as rice or corn, transformed with this construct 



"nay show enhanced growth, enhanced yield. 



increased biomass and Increased sun/lyal prtential under stress conditions and stress 
tolerance and pathogen resistance when pompared to plants not having the plant TAD gene 
fragment under the control of a stress inducible promoter. 



> 

Preferably, the nucleic add sequence capable " 



of modulating expression of a nucleic acid 



encoding a TAD is operably linked to * cons itutive promoter. The term "constitutive- as 
defined herein refers to a promoter that is exposed predominantly In at least one tissue or 
organ and predominantly at any life stage* of thf plant. Preferably the promoter is expressed 
predominantly throughout the endosperm, 
prolamine RP6 promoter from rice. 



Preferably, the constitutive promoter is the 



25 Optionally, one or more terminator sequences ™ y also be used in the construct introduced 
into a plant The term "terminator- encompasses a control sequence which is a DMA 
sequence at the end of a transcriptional unit w|ich signals 3" processing and poiyadenylation 
of a primary transcript and termination of transcription. Additional regulatory elements may 
Include transcriptional as well as translations! erjhancers. Those skilled In the art will ba aware 

may be suitable for use in performing the 
may readily be obtained by a person skilled in 



30 of terminator and enhancer sequences !whlct 
tnvention. Such sequences would be known or 
the art 



The genetic constructs of the invention mayfefther include an origin of replication sequence 
which is required for maintenance and/or replication in a specific cell type. One example is 
when a genetic construct Is required to beJmainlalned in a bacterial cell as an episomal genetic 
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... . /.-.., „i V r»M ..r.-wmw nu*»nitoY PntferP?*! origins of replication include, but are not 
limited to, the ft-ori and colE1 . 

The genetic acid construct may optionally compri se a selectable marker gene. As used herein, 
the term "selectable marker gene" includes any gene which confers a phenotype on a cell in 
which it is expressed to facilitate the identif cation and/or selection of cells which are 
transfected or transformed with a nucleic acid Mnstruct of the Invention. Suitable markers 
may be selected from markers that confer antib pBc or herbicide resistance. Cells containing 
the recombinant DNA will thus be able to survive in the presence of antibiotic or herbicide 
concentrations that kill urrtransformed cells. E* mples of selectable marker genes include the 
bar gene which provides resistance to the h srbiclde Basta; the npt gene which confers 
resistance to the antibiotic kanamycln; the hpigene which confers hygromycln resistance. 
Visual markers, such as the Green Fluorescent Pr0tein ( GFP - Haseloff et al.. 1997), 
glucuronidase (GUS) or luclferase may also bfe i Ised as selectable markers. Further examples 
of suitable selectable marker genes include he ampicillln resistance (Ampr), tetracycline 
resistance gene (Tor), bacterial kanamycin rests Sance gene (Kanr), phosphinothrldn resistance 
gene, neomycin phosphotransferase gene (nptl j, hygromycln resistance gene. gene, and the 
chloramphenicol acetyltransferase (CAT) gene, amongst others. 



The present invention also encompasses plant| 
present invention. The present Invention there* 
according to the present Invention, which 
which plants have altered TAD-llke activity 
sequence encoding a TAD. 



obtainable by the methods according to the 
pre provides plants obtainable by the method 
have modified growth characteristics and 
iind/or altered expression of a nucleic acid 



plaints 



According to a third embodiment of the presen ! Invention, there Is provided a method for the 

I growth characteristics, comprising introduction 
lie of the invention. 



production of transgenic plants having modified 
and expression in a plant of a nucleic acid nr» 

More specifically, the present Invention pro\jid |s a method for the production of transgenic 
plants having modified growth characteristics,^ pleh method comprises: 
(I) introducing Into a plant or plant cell s\ nucleic acid sequence or a portion thereof 
encoding TAD or a homologue, derivative or acl jve fragment thereof; 

(10 cultivating the plant cell under- conditk ns promoting regeneration and mature plant 



35 growth. 



* • 

f 
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The protein itself and/or the nucleic acid itself ma| be introduced directly into a plant ceil or into 
the plant itself (Including introduction into a fefeue, organ or any other part of the plant). 
According to a preferred feature of the presept invention, the nucleic add sequence is 
preferably Introduced into a plant by transformation. The nucleic acid sequence is preferably 
as represented by SEQ ID NO: 1 or a- portion thereof or sequences capable of hybridising 
therewith, or is a nucleic acid sequence encoring an amino acid sequence represented by 
SEQ ID NO: 2 or a homologue, derivative or active fragment thereof. 

The term "transformation- as referred to hereir encompasses the transfer of an exogenous 
polynucleotide into a host cell, Irrespective of; the method used for transfer. Plant tissue 
capable of subsequent clonal propagation, whet nerby organogenesis or embryogenesis. may 
be transformed with a genetic construct of the p* Lent invention and a whole plant regenerated 
therefrom. The particular tissue chosen will vary (depending on the clonal propagation systems 
available for, and best suited to, the particular Species being transformed. Exemplary tissue 
targets Include leaf disks, pollen, embryos, ootyjidons. hypocotyls. megagametophytes. callus 
tissue, existing meristematic tissue <e.g., apical Urfstem, axillary buds, and root meristems) 
and induced meristem tissue (e.g., cotyiedo| merlstem and hypocotyl meristem). The 
polynucleotide may be transiently or stably mtrc&uced into a host cell and may be maintained 
non-mtegrated, for example, as a ptasmid. AI krnatively, it may be integrated Into the host 
genome. The resulting transformed plant cell tkn then be used to regenerate a transformed 
plant in a manner known to persons skilled in thl aril 

Transformation of a plant species Is new a feijiy routine technique. Advantageously, any of 
several transformation methods may be used tf Introduce the gene of Interest into a suitable 
ancestor cell. Transformation methods lncij.de the use of liposomes, electroporatlon 
chemicals that Increase free DNA uptake, injefc Ion of the DNA directly into the plant, particle 
gun bombardment, transformation using viruse| orpollen and mfcroprojectlon. Methods may 
be selected from the calcium/polyethylene giy&l method for protoplasts (Krens FA et a] 
1882. Nature 296, 72-74; Negrutiu t. et alj June 1987. Plant Mol. Biol. 8 363-373)' 
electroporatlon of protoplasts (Shlllito R.D. et al.. 1985 Bio/Technol 3, 1099-1102)' 
microiniection into plant material (Crossway A|et al.. 1986, Mol. Gen Genet 202 179-185)' 
DNA or RNA-coated particle bombardment (Kiln T.M. et al., 1987. Nature 327, 70) infection 
with (non-lntegrative) viruses and the, like, i preferred method according to the present 
invention is the protocol according to Hiel et al. |994 in the case of rice transformation 
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. .c -- . Jr.r.s — rr rsmnrinns rr* selected for the .orasfinn» of 

on© or more markers which are encoded by pilot-expressible genes co-transferred with the 
gene of interest, following which the transformed; nateiial is regenerated Into a whole plant 

Following DNA transfer and regeneration, putatn ply -transformed plants may be evaluated, for 
Instance using Southern analysis, for the present » of the gene of interest, copy number and/or 
genomic organisation. Alternatively or additions lly. expression levels of the newly Introduced 
DNA may be monitored using Northern; and/or 
known to persons having ordinary skill in the art 



1 Western analysis, both techniques being well 



The generated transformed plants may be props jated by a variety of means, such as by clonal 
propagation or classical breeding techniques!; For example, a first generation (or T1) 
transformed plant may be selfed to give foomozy jous second generation (or T2) transfbrmarrts, 
and the T2 plants further propagated through cl$ ssical breeding techniques. 

The generated transformed organisms may take : a variety of forms. For example, they may be 
chimeras of transformed cells and nonitransfot Tied cells; clonal transfbrmants (e.g., all cells 
transformed to contain the expression- cassetf a); grafts of transformed and untransformed 
tissues (e.g., in plants, a transformed rootstock f rafted to an untransformed scion). 



plait 



The present Invention clearly extends to any 
described herein, and to all plant parts and prop^gules 
further to encompass the progeny of a primary 
whole plant that has been produced by ai) 
requirement being that progeny exhibit the sarri; * 
as those produced in the parent by the methods 
includes host cells containing an isolated nuclei c 
modulating a TAD, preferably wherein the protean 
the invention are plant cells. The invention 
as but not limited to seeds, leaves, fruits, floweii 



cell or plant produced by any of the methods 
thereof. The present invention extends 
transformed or transfected cell, tissue, organ or 
of tiie aforementioned methods, the only 
genotyplo and/or phenotyplc characteristics) 
according to the invention. The invention also 
acid molecule encoding a protein capable of 
is a TAD. Preferred host cells according to 
extends to harvestabie parts of a plant such 
, sfem cultures, rhizomes, tubers and bulbs. 



The term "planf as used herein encompasses whole plants, ancestors and progeny of the 
plants and plant parts, Including seeda.jshootsji stems, roots (including tubers), and plant celte, 
tissues and organs. The term "plant" also^ therefore encompasses suspension cultures, 
35 embryos, meristematic regions, callusi tissuejjleayes, seeds, roots, shoots, gametophytes, 
sporophytes, pollen, and microspores, j [Plants t fiat are particularly useful in the methods of the 
invention include all plants which tjelong ,tl the superfamily Widiplantae, in particular 
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monocotylecionous and dicotyledonous plants iijcjudlng a fodder Or forage legume, ornamental 
plant, fbod crop, tree, or shrub selected froirf the- list comprising Acacia spp., Acer spp., 
Actinidia spp., Aascvlus spp., Agathis eustransiAlbizia amara, Alsophila tricolor, Andmpogon 
spp., Arachis spp. Areca catechu, Asteffa fragr&ns, Astragalus dear, Balfdaea plunjuga, Betula 
spp., Brasslca spp., Bruguiera gymnorrhlza,, Burkea africana, Butea fmndosa, Cadaba 
farlnoaa, Calliandra spp, Camellia sinensis, ■ Carina indlca, Capsicum spp.. Cassia spp., 
Centroema pubescens, Chaenomeles spp:,' Cinnamomum cassia, Coffea arabica, 
Colophospermum mopane, Coronillia varia, CiOoneaster serotfna, Crataegus spp., Cucumls 
spp., Cupressus spp.. Cyathea dealbatJ'yCydonla oblonga. Cryptomena japonica, 
Cymbopogon spp.. Cynthea dealbata, Cydopia obionga, Dalbargia monetaria, Davaliia 
divaricate, Dasmodium spp., Dicksonia squa&aa, Dihateropogon amplectens, Dtodea spp, 
Doiichos spp.. Dorycnium rectum, Echinochlo^pynimidalia, Ehrartla spp., Efeusine coracana, 
Eragrestis spp., Erythrina spp.. Eucalyptus spp!, Euclea schimperf, Eulal/a vil/osa, Fagopyrum 
spp.. Feljoa saUowiana, Fragaria spp., Fl'imfngia spp, Freycinetia banksii, Geranium 
thunbergii, Ginkgo biloba. Glycine javenlca, Glincidia spp. Gossypium hirautum, Graviltea spp., 
Guibourtia coleosperma, Hadysarum spp., \hfemarthia altissima, Hetervpogon contortus 
Hordeum vulgara, Hyparmania rufa, Hypeipum' eractum, Hyperthelia dissolute, indigo 
incarnate, Ida spp., Leptarrhena pyroTrivldl ' Laspediza spp., Lettuce spp.. Leucaena 
leucocephala. Loudetie simplex, Lotonus baJnasB,: Lotus spp., Macrotyloma axlflara, Mafus 
spp.. Manfhot ascuianta, Medicago sabva, filetaaequoia gtyptostrvboides, Musa saplentum 
Nicotianum spp., Onobrychis spp.. Omhhopas spp., Oryza spp.. Peltaphorum amcanum 
Pannisatum spp., Persea grattssima, Patunif, .spp.. Phaseolus spp.. Phoenix canadensis 
Phonvium cooklanum. Photinia spp., Pfcsa gVauoa, »», spp.. Pisum sativum, Podocarpua 
totara, Pogcnarthria flackii. Pogonarthria squamosa, Populua spp., Proeopls cineraria 
Pseudotsuga manziesli, Pterolobium steliatum'J.Pyrvs communis. Quercus spp., Rhaphiolepsis 
umbellate, Rhopalostylis sapida. Rhus natafysis, Ribea grvssularia, Ribes spp., Robinia 
psaudoacacia, Rosa spp., Rubus spp., Safcc.sfp., Schyzachynum aanguineum. Sciadopltys 
vamctllata, Sequoia sempervirens, Saquoiadandron gigantaum, Sorghum blcolor. Sp/nacia 
spp.. Sporobolus nmbnatus, Stlburus alopebupddas. Stylosanthos humBls, Tadehagi spp 
Taxodium disvchum, Thamada triandra, Trffoltuniapo., micum spp.. Tsuga hatarophylla. 
Vaccfnium spp., Vide spp., Vitis vinifera, Wats^nla-pyramidata, Zantedeschia aethioptea Zea 
mays, amaranth, artichoke, asparagus, broc&II, Brussels sprout, cabbage, canola carrot, 
cauliflower, celery, collard greens, flax, kalej.j jentil, oilseed rape, okra, onion, potato, rice, 
soybean, straw, sugar, beet, sugar cane, sunflower, tomato, squash tea, trees and algae 



amongst others. According to a preferred f&iure of the present Invention, the plant te a 
monocotyledonous plant, further preferably aj jereal. most preferably a plant selected from 

I ■ 
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, h-..^, -ivibspn. -sunflovmc; nanola, sugarcane, alfalfa, millet, barley. 



rapeseed and cotton. 



I i 
i l 

H! 
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Advantageously, performance of the method japcording to the present Invention results in 
plants having a variety of modified growth characteristics, such modified growth characteristics 
including Increased yield/biomass. modified arj^tecture. modified stress response and fester 
growth, each relative to corresponding wild typejplants. 



The term "increased yield" encompasses an increase In biomass in one or more parts of a 
plant (for example the above ground area) relative to the biomass of corresponding wild-type 
plants. The term also encompasses an Increase In seed yield, which includes an increase in 
the biomass of the seed (seed weight) and/or an increase In the number of (filled) seeds 
and/or in the size of the seed3 and/or arf. jncrease In seed volume, each relative to 
corresponding wild-type plants. An Increase jnjseed size and/or volume may also Influence 
the composition of seeds. An increase In seedjyield could be due to an increase in the number 
and/or size of flowers. An Increase in yield might also increase the harvest Index, which is 
expressed as a ratio of the total biomass over the yield of harvestable parts, such as seeds. 
An increase in yield also encompasses a better performance of the plant under non-stress 
conditions or under stress conditions compared jto wild-type plants. Stress conditions include 
any type of environmental stress and biotic anctablotJc stresses. 

. i 
■ l 

According to a preferred feature of the presbnt invention, performance of the methods 
according to the present invention result in pjants having modified yield. Preferably, the 
modified yield includes Increased above ground area, an Increased total number of seeds, an 
increased number of filled seeds, an increase in total weight of seeds and/or an increase of the 
harvest Index, each relative to control plants. jh"heref ore, according to the present invention, 
there Is provided a method for increasing yield: of plants, which method comprises modulating 
expression of a nucleic acid sequence encodii^ a TAD and/or modulating activity of the TAD 
itself in a plant, preferably wherein the tXd Is encoded by a nudeic acid sequence 

hereof or sequences capable of hybridising 
SEQ ID NO: 2 or a homotogue, derivative or 



represented by SEQ ID NO; 1 or a portion} 
therewith or wherein the TAD is represented 
active fragment thereof. 

I 



"Modified architecture" may be due to changejjr 
herein encompasses the appearance or moijipbol 
structural features or combination of structi^ 
include the shape, size, number, position, 



texture, 



8 



cell division. The term "architecture" as used 
logy of a plant, Including any one or more 
I features thereof. Such structural features 
arrangement, and pattern of any cell, tissue 



01/04 '03 IS; 42 FAX 3292415089 



CROPDESJGN N.V 



10 



15 



20 



25 



30 



35 



084-TOB3-PROV 



@030 

030 01.04.2003 16:42:5: 



or organ or groups of ceUs, tissues or organs of e plant, Including the root, leaf, shoot, stem or 
tiller, petiole, trichoma, flower, inflorescence ftbr monocotyledonous and dicotyledonous 
plants), panicles, petal, stigma, style, stamen, pollen, ovule, seed, embryo, endosperm, seed 
coat, aleurone, fibre, cambium, wood, heartwood, parenchyma, eerenchyma, sieve element, 
phloem or vascular tissue, amongst others. Modified architecture therefore Includes all 
aspects of modified growth of the plant So netimes plants modify their architecture in 
response to certain conditions such as stress am pathogens (e.g. fungi). Therefore, within the 
scope of the term "architecture" is included mc dified architecture under conditions such as 
stress and pathogens. 

Preferably, the modified architecture includes Modified total area relative to control plants. 
Therefore, according to the present Invention, mere is provided a method for modifying the 
architecture of plants, particularly plant area, which method comprises modulating expression 
of a nucleic acid sequence encoding a TAD ani/or modulating activity of the TAD Itself in a 
plant, preferably wherein the TAD is encoded by a nucleic add sequence represented by SEQ 
ID NO: 1 or a portion thereof or sequences ca sable of hybridising therewith or wherein the 
TAD Is represented by SEQ ID NO: 2 or a homolpgue, derivative or active fragment thereof. 

The present invention also relates to use of a nucleic acid sequence encoding a TAD and 
homologuea, derivatives and active fragments t lereof In modifying the growth characteristics 
of plants, preferably in increasing yield and m >difying plant architecture. The nucleic acid 
sequence is preferably as represented by SEqj ID NO: 1 or a portion thereof or sequences 
capable of hybridising therewith or is an amino a :id sequence represented by SEQ ID NO: 2 or 
a homologue, derivative or active fragment there rf. 

The present Invention also relates to use of a nucleic acid sequence encoding a TAD and 
homologuea, derivatives and active fragments thereof and to use of the TAD Itself and to 
homologues. derivatives and active fragments ttjeraof as a growth regulator. The nucleic acid 
sequences hereinbefore described (and portfcns of the same and sequences capable of 
hybridising with the same) and the amino afcid' sequences hereinbefore described (and 
homologues. derivatives and active fragments Jfthe same) are useful In modifying the growth 
characteristics of plants, as hereinbefore described. The sequences would therefore find use 
as growth regulators, such as herbicides or gnwth stimulators. The present Invention also 
provides a composition comprising a protein represented by any of the aforementioned amino 
add sequences or homologues, derivatives or a aive fragments thereof for the use as a growth 
regulator. 
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rm r.?7r?rri-t *h.~ ~rvxi?nr.~. r-.w-wriinn to the crW?nt! »v'rintion m*v be !nt*re*t?nn t^raet*. 
for agrochemical compounds, such as herbicides or growth stimulators. Accordingly, the 
present invention encompasses use of the aforementioned nucleic acid sequences (or a 
portion of the same or sequences capable of hybridising with the same) or an amino acid 
sequence as hereinbefore described (or homologues, derivatives and active fragments of the 
same) as targets for an agrochemical compound, 



such as a herbicide or a growth stimulator. 



The methods according to the present invention may also be practised by co-expression of a 
gene encoding a TAD in a plant with at least one other gene that cooperates with the nucleic 
acid sequence encoding a TAD, Such a nucleic add sequence may be any other TOB3-fike 
ATPase domain or other AAA-type ATPase. Cp-expression may be effected by cloning the 

promoter in a plant expressible vector and 
introducing the expression vector(s) into a pldnt «cell using Agmbacfenu/n-mediated plant 
transformation. 



The methods according to the present invention result In plants having modified growth 
characteristics, as described hereinbefore- The se ladvantageous growth characteristics may 
also be combined with other economically advan tageous traits, such as further yield-enhancing 
traits, tolerance to various stresses, traits mcdifylng various architectural features and/or 
20 biochemical and/or physiological features. 



Description of figures 

The present invention will now be described with! reference to the following figures in which: 



Figure 1: Schematic presentation of the entry 
AttL1 and AttL2 sites for Gateway® cloning In 



internal code for the TOB3-fike AAA-ATPase domain coding sequence of Nicotians tabacurn 
BY2 cells. This vector contains also a bacterial l^anamycine-reslstance cassette and a bacterial 
origin of replication. 

Figure 2: Binary vector for tfte expression In Oiyzq satlva of the Nlcottana tabacurn BY2 cells 
TOB3-1ike AAA-ATPase domain gene (CDS0671) iinder the control of the rice prolamine RP6 
promoter (PRO0090). This vector contains a T-DnSa derived from the Ti Plasmid, limited by a 
left border (LB repeat, LB Ti C58) and a right writer (RB repeat, RB Ti C58)). From the left 



clone p246Q, containing CDS0671 within the 
the pDONR201 backbone. CDS0671 is the 



35 border to the right border, this T-DNA contains: 



terminator cassette for antibiotic based selection of transformed plants; a CaMV35S promoter 

20 ! 



a CaMV35S promoter - hpt CDS - CaMV35S 
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_ GFP CDS - NOS terminator cassette for v 
PRO0090 - CDS0671 -zein and rbcS-deftaGA 
Nlcotiana tabacum BY2 cells TOB3-like AAA 
an origin of replication from pBR322 for 
(Spe/SmeR) for bacterial selection with spech'nomyci 

Figure 3: Sequence listing. 
Examples 



isual screening of transformed plants; the 
double terminator cassette for expression of the 
domain gene. This vector also contains 
replication and a selectable marker 
In and streptomycin. 



The present invention will no^ be described 
are by way of illustration alone. 

DNA manipulation: unless otherwise stated, recombinant DNA techniques am performed 
according to standard protocols described in (Sambrook (2001) Molecular Cloning: a 
laboratory manual, 3rd Edffloh Cold Spring Hafror Laboratory Press, CSH, New York) or In 
Volumes 1 and 2 of Ausubej et al. (1984), Curent Protocols in Molecular Biology, Current 
Protocols. Standard materials and method? for 
Molecular Biology Labfase (1993) by R.D.DJ Cr>y, published by BIOS Scientific Publications 
Ltd (UK) and Blackwell Scientific Publications (U 



35 
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witi reference to the following examples, which 



Example 1: Cloning of CC>S0G71 
Cloning of the TAD gene f ragihent from tobacco 
A cDNA-AFLP experiment was performed orj 
(Nicotiana tabacum L. cv. Bright Yellow-2), and 
cycle modulated were elected for further cloning 
screen a tobacco cDNA library and to isolate 
coding forTOB3-llke AAA-ATPase domain gene 



a synchronized tobacco BY2 cell culture 
BY2 expressed sequence tags that were cell 
. The expressed sequence tags were used to 
the full-length cDNA of interest, namely one 
(CDS0671). 



Synchronization of BY2 cells, j 
A tobacco BY2 (Nicotiana tabacum L. cv. Bright Yellow-2) cultured cell suspension was 
synchronized by blocking celfe In early S-phase with aphidicolin as follows. The cell suspension 
of Nicotiana tabacum L cv. Bright Yellow 2 was maintained as described (Nagata et a). InL Rev. 
Cytol. 132, 1-30, 1992). For synchronization, a 7- day-old stationary culture was diluted 10-fold in 
fresh medium supplemented with aphidiqolin (Sigma-Aldrich, St Louis, MO; 5rng/l), a 
DNA-polymerase a inhibiting drug. After 24h, :ells were released from the block by several 
washings with fresh medium whereafter their, ceil cycle progression resumed. 
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1 * i ^1 s^^mMltn fSgmhrnok et al, 2001) and poly(A*) RNA 
was extracted from 500 fig ofi total RNA uslpg ©Ogote* columns (Qiagen, Hilden f Germany} 
according to the manufacturer's instructions. ."Starting from 1 pg of poly(A*) RNA. first-strand 
5 cDNA was synthesized by reverse transcription with a biotinylated oligo-dT^ primer (Genset, 
Paris, France) and Superscript II (Life Technologies, Gaithersbung, MD). Second-strand 
synthesis was done by strand displacement ; wrt6 Escherichia coli ligase (Life Technologies), 



DMA polymerase I (USB, Cleveland, OH) andlRNAse-H (USB), 

I 



10 eDNA-AFLP analysis. . , 

Five hundred ng double-stranded cDNA was: use&J for AFLP analysis as described (Vos et a/., 

Nucleic Acids Res. 23 (21) 4407-4414, 1995? Bachem et al., Plant J. 9 (5) 745-53, 1996) with 

I 

modifications. The restriction ^nzymes used'toera flsfYI and Mse\ (Biolabs) and the digestion 
was done in two separate stejps. After the first restriction digest with one of the enzymes, the 3' 
15 end fragments were trapped on Dyna beads (Dynal, Oslo, Norway) by means of their 
biotinylated tail, while the other fragments wbre washed away. After digestion with the second 
enzyme, the released restriction fragments* wJre collected and used as templates tn the 
subsequent AFLP steps. For ^re-amplifications, d/lfeel primer without selective nucleotides was 
combined with a SsfYl primer (containing either a J or a C as 3' most nucleotide. PCR conditions 



20 



25 



30 



35 



were as described (Vos et al. 1995). The obtalr 
and 5 pi was used for selective amplifications 



amplification mixtures were diluted 600-fold 
using a P w -Jabeled BsfYI primer and the 



Ampfitaq-Gold polymerase (Roche Diagnostics, Brussels, Belgium). Amplification products were 
separated on 5% polyacrylamlde gels using the Sequigel system (Biorad). Dried gels were 
exposed to Kodak Biomax filrr s as well as scannc d in a Phosphorlmager (Amersham Pharmacia 
Biotech, Uttie Chalfbnt, UK), i ; 

!,- 

Characterization of AFLP frag i nents. \ 
Bands corresponding to deferentially expres&ed transcripts, among which the (partial) 
transcript corresponding to SEQ ID NO 1 (onCDS067l), were isolated from the gel and eluted 
DNA was reamplified under the same conditions as for selective amplification. Sequence 
information was obtained ether by direct 'sequencing of the reamplified polymerase chain 
reaction product with the selective Bsft) primer or after cloning the fragments In pGEM-T easy 
(Promega, Madison, Wl) anc sequencing crf ; :individual clones. The obtained sequences were 
compared against nucleotide and protein sequences present in the publicly available 
databases by BLAST sequence alignments ^Alischul et a/., Nucleic Acids Res. 25 (17) 3389- 
3402 1997). When available, tag sequence^.were replaced with longer EST or isolated cDNA 

sequences to increase the cpance of finding spnlficant homology. The physical cDNA clone 

v 

i 



i 22 
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corresponding to SEQ ID NO 1 (CDS0671) jwa| subsequently ampHfled from a ommercial 
Tobacco cDNA library as fallows. ' •.. 



Cloning of the TAD gene fragment (CDS0671)' ^ 
A c-DNA Hbrary with an average size of Inserts of 1,400 bp was prepared from poly(A*) RNA 
isolated from actively dividing, non-synchronfeed bY2 tobacco cells. These Ubrary-in^erts were 
cloned in the vector pCMVSPORTB.0, jcoi riprislng a attB Gateway cassette (Life 
Technologies). From this library 46,000 clonjes were selected, arrayed in 36*wel microtiter 
plates, and subsequently spotted In duplicate, on nylon filters. The arrayed clones were 
screened by using pools of several hundredsjof i adioactlvely labelled tags as probe! (including 
the BY2-tag corresponding to the sequencejCDSOOTI, SEQ IDNO 1). Positive clones were 
Isolated (among which the clone corresponding' to CDS0671, SEQ I NO 1), sequenced, and 
aligned with the tag sequence. Alternatively, Jvhe n the hybridisation with the tag wojild fall, the 
full-length cDNA corresponding to the tag was selected by PCR amplification: t^g-spedfic 
primers were designed using primer3 program (lnttp:/Awww = 
ngnnme.wi.rnitftrfu/oenorne sofhA/are/omer/6 S rimer3.htm» and used in combination with a 



35 



~. ...... . 1 • I 

common vector primer to amplify partial cDNA Inserts. Pools of DNA from 50.000, 100.000, 
150.000, and 300.000 cDNA clones werejjused as templates in the PCR amplifications. 
Amplification products were then Isolated fjjoml agarose gels, cloned, sequenced and their 
sequence aligned with those of the tags. i I j 
Next, the full-length cDNA corresponding tdj thj nucleotide sequence of SEQ ID NO 1 was 
cloned from the pCMVsport6.0 Horary vector: into pDONR201, a Gateway" donor vector 
(Invitrogen, Paisley, UK) via a LR reaction, rejsuti 

25 Example 2: Vector construction fo'r transformation with PRO0090ICDS0671 

1 



cassette * 

The entry clone p2469 was subsequently iket in an LR reaction with p0830, a (destination 
vector used for Oryza satt/a transformation, jjrhl! i vector contains as functional elements within 
the T-DNA borders: a plant selectable marker; a GFP expression cassette; and ja Gateway 
30 cassette intended for LR in vivo recombination with the sequence of interest alreac y cloned In 
the entry clone, A rice prolamine RP6 prqmdter for endosperm expression (PRO0090) is 
located upstream of this Gateway cassette, j 



After the LR recombination step, the rasbjtln 
transformed into the Agrobacterium strain 



L^A4J W4 and subsequently to Oryza sati )a plants. 



23 



i] 



expression vector p2774 (Figure 



2) can be 
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/Example 3: Transformation of rice witii^ > RO0129 up*CDS0716 

wiaiur* uiy w. w.^^ ; . ftHRr-.nBh-^ w -r« tehuskecL SftrilMon 

was done by incubating the seeds for one minute in 70% ethanol, followed by 30 minutes in 
0.2% HgCI 2 and by 6 washes of 15 minutes with sterile distilled water. The sterile seeds were 
5 then germinated on a medium containing j^4-D (callus induction medium). After a 4-week 
incubation (n the dark, embryogenic, scutelium-derived calli were excised and propagated on 
the same medium. Two weeks later, the call? were multiplied or propagated by subculture on 
the same medium for another 2 weeks, 33 days before co-cultivation, embryogenic callus 
pieces were sub-cultured on fresh medium jtp boost cell division activity. The Agrobacterfum 
10 strain LBA4404 harbouring the binary vector p3076 was used for co-cultivation. The 
Agrobacterium strain was cultured for 3 days at 28°C on AB medium with the appropriate 
antibiotics. The bacteria were then collected; and suspended In liquid co-cultivation medium at 



15 



20 



25 



an ODeoo of about 1- The suspension wa$ transferred to a petri dish and the caffi were 
immersed in the suspension during 15 minutes. Next, the callus tissues were blotted dry on a 
filter paper, transferred to soltdified co-cuftlv^on medium and incubated for 3 days in the dark 
at25°C. ' j«< 

Hereafter, co-cultivated callus was grown orip^D-containing medium for 4 weeks in the dark 
at 28°C in the presence of a selective ag^ijjt at a suitable concentration. During this period, 
rapidly growing resistant callus islands e&veloped. Upon transfer of this material to a 
regeneration medium and incubation in theijight, the embryogenic potential was released and 
shoots developed in the next four to five jtyeeks. Shoots were excised from the callus and 
Incubated for 2 to 3 weeks on an auxin-contslining medium from which they were transferred to 
soil. Hardened shoots were grown under hljfi humidity and short days in a greenhouse. Finally 
seeds were harvested three to five months after transplanting. The method yielded single locus 
transformants at a rate of over 50 % (Aideijrfita and Hodges, 1996, Chan et al. t 1993, Hiei et 
al., 1994). ;Lj 



Example 4. Evaluation of transgenicwice transformed with PRO0129*CDS1585 



Approximately 15 to 20 Independent T0]hce transformants were generated. The primary 
30 transformants were transferred from ttssue'plulture chambers to a greenhouse for growing and 

progeny segregated 3:1 for presence/absence of 
these events, approximately 10 T1 seedlings 
o-zygotes), and approximately 10 T1 seedlings 
acted by monitoring GFP expression. 

35 



harvest of T1 seed. 7 events, of which the * 
the transgene, were retained. For each 
containing the transgene (hetero- and hdj 
lacking the transgene (nullizygotes), were s< 
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Vegetative growth measurements: 
The selected T1 plants (approximately 10 wit 
transgene) were transferred to a greenhousfe 
link unambiguously the phenotyping data to| 

5 were grown on soil In 10 an diameter p 
photoperiod= 11.8 h, daylight intensity 30} 
higher, night time temperature* 22°C, rela 
corresponding nulllzygotes were grown sid 
sowing until the stage of maturity each pl|i 

10 imaging cabinet and Imaged. At each time 
colours) were taken of each plant from at \t 
below were derived In an automated way 
Image analysis software. 

15 CO Above ground plant area: plant above 
number of pixels from aboveground plant p^ 
was averaged for the pictures taken on the 
converted to a physical surface value expr 
show that the aboveground plant area meas 

20 parts above ground. 

(ii) plant height height was determined b 
through the upper pot edge and the up; 
ground. This value was averaged for the| 
25 different angles and was converted, by caj 
Experiments showed that plant height meas 
manually with a ruler. 

(ill) Mumber of tillers; the number of primal 
30 the plants. The tillers were cut off at 3 cm" a 
surface. Tillers that were together in the s; 



N.V. 
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(iv) Number of primary panicles: the tallest [| 
tallest panicle when aligned vertically wejjjp 
35 manually. 



jjjanicle and all the panicles that overlapped with the 
considered as primary panicles, ahd counted 



the transgene and approximately 10 without the 
Each plant received a unique barcode label to 
te corresponding plant The selected T1 plants 
under the following environmental settings: 
I0 lux or mors, daytime temperature= 2B°C or 
humidity^ 60-70%. Transgenic plants and the 
>y-side at random positions. From the stage of 
it were passed several times through a digital 
lint digital Images (2048x1536 pixels, 16 million 
ist 6 different angles. The parameters described 
the all the digital Images of all the plants, using 



area was determined by counting the total 
discriminated from the background. This value 
ame time point from the different angles and was 
>d in square mm by calibration. Experiments 
jred this way correlates with the biomass of plant 



le distance between the horizontal lines going 
lost pixel corresponding to a plant part above 
ictures taken on the same time point from the 
pration, to a physical distance expressed in mm. 
this way correlate with plant height measured 



| tillers was manually counted at the harvesting of 
>ve the pot rim. They were then counted at the cut 
sheet were counted as one tiller. 



25 



. i 
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(v) Number of secondary panicles: the panicj es that remained on the plant after the harvest of 

■ — — — -i - glinted. 



Una prill lduy pennons ev ^ av ^ 



(vi) Growth curve: the weekly plant area measurements are modelled to obtain a growth curve 



5 for each plant, plotted as the value of plant 
growth curve the following parameters (vii), 



area (in mm2) over the time (in days). From this 
and (ix) can be calculated: 



Seed-related parameter measurements; 
The mature primary panicles were harve: 



i j 

(vii) A42; is the plant area at day 42 after soyjng as predicted by the growth curve model. 

10 (viii) Trnid: Is the time that a plant needs to ^ raw and to reach 50% of the maximum plant area 
Tmid Is predicted from the growth curve modk 

I 

(Ix) T90: is the time that a plant needs to g&d|w and to reach 90% of the maximum plant area. 
T90 Is predicted from the growth curve mode! 



3d, bagged, barcode-labelled and then dried for 
three days in the oven at 37°c. The panjijes were then threshed and all the seeds were 
collected and counted. The filled husks w^p separated from the empty ones using an air- 
20 blowing device. The empty husks were di scarded end the remaining fraction was counted 
again. The filled husks were weighed on ari Analytical balance. This procedure resulted in the 
set of seed-related parameters described be 



(i) Total seed number per plant: was mea? 
25 from a plant 

(It) Number of filled seeds: was determitjj 
remained alter the separation step. 

30 (Hi) Total seed yield per plant the yield 
from a plant. 

(iv) Harvest index of plants: the harvest In| 
between the total seed yield and the above[ 



(v) Thousand Kernel Weight (TKW): this p! 
seeds counted, and their total weight 



3d by counting the number of husks harvested 



d by counting the number of filled husks that 



measured by weighing all filled husks harvested 



>x in the present invention is defined as the ratio 
iund area (mm 2 ), multiplied by a factor 10 s . 

nameter Is extrapolated from the number of filled 
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Statistical analysis: West and F-test 
A two factor ANOVA (analysis of variai 
evaluation of plant phenotypic characterise 
measured of all the plants of all the events 

5 The F-test Is carried out to check for an 4 
and to verify for an overall effect of the gei 
value of the F-test shows that the data .a 
"gene" effect, meaning that not only pr$s< 
differences In phenotype. The threshold for 

1 o 5% probabflity level for the F-test 

To check for an effect of the genes within 2 
performed within each event using data setsj 
null plants. tt Null plants" or p Null segregai 

15 transgenic plant, but from which the tran 
described as the homozygous negative tie 
Mest is set at 10% probability level. Within 
events can be under or above this t-test 
might only have an effect in certain positio 

20 position-dependent effect is not unconvnor 
"line effect of the gene". 
The p-value is obtained by comparing 
comparing tine F-value to the F-dlstributlon. 
null hypothesis (null hypothesis being "there 

25 

Example 5. Results of the evaluati 
PRO0090-CDS0671 

Total area (table 1): 
Line 95318 shows an increase in above g 
30 p-value of 0.0597. 
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[was lused as statistical model for the overall 
jAn Rtest was carried out on all the parameters 
isfbrmed with the gene of the present Invention, 
of the gene over all the transformation events 
i, alsq named herein "global gene effect", if the 
Ignlflcant, than It is concluded that there is a 
on'-the position of the gene is causing the 
lignificance for a true global gene effect is set at 



| event, i.e., for a line-specific effect, a t-test was 
_>m the transgenic plants and the corresponding 
are he plants treated In the same way as the 
pas segregated. Null plants can also be 
sform^nts. The threshold for significance for the 
ine population of 5 transformation events, some 
■ hold, this Is based on the hypothesis that a gene 
tt in the genome, and that the occurrence of this 



thl 



irhis $ihd of gene effect is also named herein a 



t-valije to the t-distribution or alternatively, by 
p-value then stands for the probability that the 

no ejffect of the transgane") is correct 

i 
t 

ofltnmsgenic plants transformed with 



id area of 19%. this increase is significant with a 



01/04 '03 15:46 FAX 3292415069 
I 

O84-T0B3-PROV 

t 

Table \: 



CROPDESIGN N.V. 



039 



©039 

01. 04. 2003 16:46:5? 



,_Jne fTR |nu»__ 
1/3684 ■ |51106" i51092 j[l4 _ _ 
i{8827l~~Sg9754 }38529"l p^S_r3 



dif |% d'rf Ip-value 



[0 ilO.9981 



0.8502 j 



88289 



35799 



35529 :l270 ~ ¥7 il 0 - 9 ? 48 



,95221 



95318 



ifOverall 



j66317 '^84 I jl 0733 'l lS[ ;[61)597 



146671 (44^2 |l2379_ *[S !l0.3559 



Each row corresponds to one event, for which average maximum aboveground area 
(expressed in mm 8 ) was determined for the 10 transgenics (TR) and the 10 null lines (null). 
The numeric difference between the positive plants and the negative plants is given (dif) as 
well as the percentage of difference between these plants <% dif). P-values Stand for the 
probability produced by the West for each plant line. The last row presents the average 
numbers for all four events. There, the p-value stands for the p-value derived from the F-test. 



10 



15 



Number of filled seeds (table 2): 

4 lines out of 5 give an Increase in the number of filled seeds, up to 58% for line 95221 (p- 
value of 0.0403). The overall increase is 25% and is significant with a p-value of 0.03391 . 
Table 2: 



'j nrfiHedse edT 
.{ Line (fit 
ij73684 



null jdif . : f% dif Rvalue 



I204.7 iS06.1 i|-1.4 j-1 



; [88271 |76.6 ,183.6^ 122 .8.; "-[42" 



■10 .9747 
1J5.6548 



Ij88289~ll49.9 | |12t).2 jp.69 : [25 - {0.538 

! gg^g9^ Hl77.3 Iji 02,42 " ,|58 , IjO-OjOg^ 

119531^1366^ j |295,3 l|7i.03 'j24 10.1119 , j 

^Overall "j2l 4.1 |l7li7 jl42^5~ :[2 3 jjO.0391 J 



Each tow corresponds to one event, for. which the average number of filled seed has been 
determined for the 10 transgenics (TR) and the 10 null lines (null), expressed In units. The 
numifo difference between the positive plants' and the negative plants is given (dif) as well as 
the percentage of difference between these plants^ dif). P-values stand for the probability 
produced by the t-test for each plant line. The last row presents the average numbers for all 
20 four events. There, the p-value stands for the p-value derived from the F-test 

i : 



28 
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Total number of seeds (table 3): 

Line 95221 that had a significantly increase of the number of filled seeds also has a 
significantly higher number of total seeds: the gain is 44% and the p^/alue Is 0.09351 
Table 3; i 



.Inrtotalseed 


.! 


IlLine !|TR :|nuU jdlf . .. i% dif i P-value j 


,|73684 ; : |358 ! 375,5 i[,17.5 _ 'r5 


i|0.8257 I 


.{88271 :|331.2 :|320.2 .11 (3 


0.9048 


;|88289 ||330.6 ! |325.3 15.31 ( |2 


! jo.95l2 | 


1)95221 ||495.6 |345.3 j 150.25 [44 


||0.0935 i 


|95318 : |623.5 (539,9 .|83.66_ jl5 


ijq.2965 


:|Overall :|426.4 |382.9 ,143.52 .jll 


(0.2352 . 



Each row corresponds to one event, for which the average total seed number has been 
determined for the 10 transgenics (TR) and the 10 null fines (null), expressed In units. The 
numeric difference between the positive plants and the negative plants is given (dif) as well as 
the percentage of difference between these plants (% dif). p-value stand for the probability 
10 produced by the t-test for each plant Iine^ The last row presents the average numbers for all 
four events. There, the p-value stands for<lhe p-value derived from the F-test 

Total weight of seeds (table 4): ; 

Line 95221 forthermore has a 58% increase in total weight of seeds with a p-value of 0.061 1. 
1 5 Three other lines also show an Increased fotal weight of seeds (88271 , 88289, 95318). 
Table 4: j 



jtotalwgseeds 


Ljne jTR jnull ![dif . J|% dif 


p-value 


•73684 • j5.4 J5.9J J-0,54 | 


-9 i 


0.6678 \ 


; 88271 :il-9 jl^; |f0j56 _ j 


41 i 


0.6917 _ j 


88289 • ii3.5 [3 ||0.55 J 


18 ! 


0.6829 


95221 i|7 |4.5, j2.57 j 


58 


0.0611 


'95318 . ]9.5 {8 \ : |1.52 • j 


19 


0.2408 • 


Overall .5.4 4.6; |0.86 , 


19 j 


0.1332 | 



I 



Each row corresponds to one event for which tl?e weight of seeds has been determined for the 
10 transgenics and the 10 null Ones. The numeric difference between the positive plants and 
20 the negative plants is given (dif) as well a!s the -percentage of difference between these plants 
(% dif) P-values stand for the probability! producedLby the t-test for each plant line. The last 

1 ' i 

« 

1 . 29 . ' 

i • i 

] „; if 
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presents the average numbers for Jfour^vlnk There, the Rvalue stands for the p. 



row 



vaiuo voi 



10 



Harvest index (table S): .| • 

Line 95221 shows a significantly increased harvest index; a raise of 47% and a p-value of 
0.021. 



Table 5: 



30 





• 

K 


i 

■ « 
i 

i 




Iharvestindex 


M 

r 


i 

, i 




i|Une :|TR i nujl 


jdif; _ |%dif .P-value j 


'J73684 .105.1 111^-8 




0.5934 | 


188271 ..38.3 


3C&9 


1 7.44; i|24 


jo.743 > ; 


;!88289 jl.89.8 • 


7K.2 


i|18.55 j 26 


jO.3954 


.95221 ;|158.8 • 


107.7 


$>1-P9 i47 


(0.021 


'.|95318 . |143.8 j 
[Overall"^ ° 7 " 


13^.6 


8*17' '3 


|0.8401 | 


19414 


jj;l2.63 ||13 


"". |6.1712 i 



t 

Each row corresponds to one event, for v|ilch the 'Harvest Index has been determined for the 
10 transgenics and the 10 null lines. Thejnumeric difference between the positive plants and 
the negative plants is given (dtf) as well 4 the" percentage of difference between these plants 
(% dif). P-values stand for the probability^ produced .'by the t-test for each plant line. The last 
row presents the average numbers for ail four.events. There, the p-value stands for the p- 
value derived from the F-test '' 



15 

Conclusion: There Is an overall effect forfthe number of filled seeds (4 lines out of 5), and a 
general tendency to Increase the total weight ef seeks (4 lines out of 5). the harvest index (3 
lines out of 5) and the total number of jseeds <2llnes out of 5). Particularly 1 line (95221) 
outperforms the other lines for most of thejjseedlparameters. 

20 From ^ — . . -4-k - . — — » - — 

transformation events (different plant evejnts ester/, transformed with the TAD gene fragment). 
It is well known to persons skilled in thelrt, for example a plant molecular biologist, that the 
expression of transgenes In plants, and llenceipisp the phenotypical effect due to expression 
25 of such transgene. can differ dramaticallj among 'different independently obtained transgenic 
lines and progeny thereof. The transgW ; present In different independently obtained 
transgenic plants differ from each other tJv the 'chijomosomal insertion locus as well as by the 
number of transgene copies inserted in ghat jqcufe and the configuration of those transgene 



copies in that locus. Differences in expression 1 levejls can be ascribed to influence from the 
chromosomal context of the transgene! (the; so-called position effect) or from silencing 

1 



I 
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mechanisms triggered by certain transgenaj 



Insertions of transgenes are prone to si 
level}* 



configurations (e-g. inwards facing tandem 



pncirtg at tha transcriptional or post-transcriptional 



The exact configuration and insertion loci of the;' different events have not yet been determined, 
and expression levels have not been mesisurei Bui 1 differences in these will clearly have an 
impact on the phenotypic parameters th at ha^e bten measured. In some rases, negative 
effects may be observed for example when ajrji essential gene Is totally sllenoed instead of 
being overexpressed (or misexpressed). 
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Method for modifying plant growth BwJm** com P ris,n 9 ™ du,at5n 9 session in 
a plant of a nucleic acid sequence khooij ng aj-TAD and/or modulating activity «n a plant 
of a TAD. L'. J ? 



2. Method according to claim 1, wherein; 



means and/or chemical means. 



Method according to claim 1 or 
introducing into a plant a nucleic 
derivative or active fragment thereof 1 . 



2. wfc 



said* modulation Is effected by recombinant 



i 

.acid;! 

i 



i 

>rein!said modulating expression comprises 
squ^nce encoding a TAD or a homologue, 



Method according to daim 3. whetein fid nucleic acid Is a homologous nucleic acid 
sequence, preferably from a dicofeedlous^lant, further preferably from the family 
solanaceae, more preferably the Lc* aclp sequence is from Nicotian* ttbecum, 
most preferably as represented bf isEi ID *jo: 1 or a portion thereof or sequences 
capable of hybridising therewith, or! a lideic-acid sequence encoding an amino acid 

NO 2 " " - - 1 * r n MlwA -Fra/imant 



alternative splice variant of a nucl ac a<J 



TAD is encoded by a splice variant 



« I < 

7. Method according to any of claims V 



or a^homologue, derivative or active fragment 



sequence represented by SEQ ID 
thereof. 

Method according to any of claimbj 1 4 4, Jh^in said nucleic acid sequence is an 



d sequence encoding a TAD or wherein said 



Method according to any of claims! 1 4 4, wherein said nucleic add sequence is an 



•I I 



comprised In at least a part of an.-.~ T g_ 
preferably also comprises one or nUre |latecf gene family members 



Method according to any of claims 
a TAD is overexpressed in a plant 



allelic variant of a nucleic acid sfequef ce encoding a TAD or wherein said TAD Is 
encoded by an allelic variant. , j 



Artificial chromosome, which artificial chromosome 



toil 



:o 4,| wherein said nucleic acid sequence is 



wherein said nucleic acid sequence encoding 
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Method according to any of claims 
a TAD is down regulated in a plant I 



to 7 



encoding a TAD is driven by a constitutes 



Method according to any of claims 
is selected from any 



wherein said nucleic acid sequence encoding 

f 

10. Method according to any of claims 1 H[> 9. wherein expression of said nucleic acid 



one or more; 

t 

architecture and modified stress 
plants. 

Plants obtainable by a method a 



1 3. An isolated nucleic acid sequence 




©044 
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1 



promoter. 



I 



toiilO, wherein said modified growth characteristic 

p 

of increased yfeld/biomass, modified plant 
pbfose, each relative to corresponding wild type 



1 
i. 
t 



to eriy of claims 1 to 1 1 . 



(lv) 



(v) 



Construct comprising; I 

(a) a nucleic acid sequence cspablS 
encoding a TAD and/or activt If of e 

(b) one or more control sequent je caj d 
sequence of (i); and optional!; t 

(c) a transcription termination seguenSjs, 



Construct according to claim 14, 
modulating expression of a nucleic 



I 



iingr 



a nucleic add sequence represented fey SEQ ID NO: 1, or the complement 
thereof; 

it s 

an amino acid sequence represented by SEQ 
\f&a or active fragments thereof; 



(i) 



(ii) a nucleic acid sequence encoding 



ID NO: 2, or homologues derfl 
(Hi) a nucleic acid sequence cppabia of j! hybridising (preferably under stringent 
conditions) with a nucleic add se juen^e of (I) or (ii) above, which hybridising 
sequence encodes a protein |avinj TAD.-Bke activity; 

a nucleic add sequence according to (i) to (Hi) above which is degenerate as a 
results of the genetic code; amd jj 

a portion of a nucleic acid sejquerj ;e according to any of (i) to (iv) above, which 
portion preferably encodes a Drotej 1 having TAD-IIke activity. 



nucleic acid sequence encoding a [TAD; 



acic 



I: 

4' 

I 

of r|odulating expression of a nucleic acid 
TADS; 

blejjof driving expression of the nucleic acid 



SJ 

whejfeln said nucleic acid sequence capable of 
encoding a TAD and/or activity of a TAD is a 
prefejrably as represented by SEQ ID NO: 1 or 



if I 
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16. 



17. 



18. 



19. 



20. 



21. 



30 22. 



23. 



a portion thereof or by sequences 



045 01.04.2003 16:49:1* 



capable of hybridising therewith or by any of the 

incf*?m13. 

r 1S| wherein said control sequences comprise a! 



Construct according to claim 14 di 
least a constitutive promoter, prefenablyiS prolamine RP6 promoter. 



Method for the production of a tranjsgerrip plant having modified growth characteristics, 
which method comprises: 

(i) introducing into a plant or plant 
encoding a TAD or a homolocjue, 

(ii) cultivating the pliant cell uptier 
plant growth. 



groi 



Transgenic plant having modified 
plant has modulated expression in 
and/or modulated activity in a plant of afTAD 



Transgenic plant according to da 

plant, further preferably a cereal, 

» 

wheat, barley, soybean, sunflower, 
and cotton. 



1 a nucleic acid sequence or a portion thereof 
rivative or active fragment thereof; 
conditions promoting regeneration and mature 



th characteristics, characterised in that said 
a plapt of a nucleic acid sequence encoding a TAD 



, wherein said plant is a monocotyiedonous 
preferably a plant selected from rice, maize, 
cancjia, sugarcane, alfalfa, millet, barley, rapeseed 



m 

TlOSt 



Use of a nucleic acid sequence^ encocj ng 
active fragments thereof in modifying tH 
increasing yield, furthetf preferably, 



$eed|rield 

s 

Use of a TAD and homologues, derivatives and active fragments thereof in modifying 
the growth characteristics of plants. 



A composition comprising a protpai re 
derivative or active fragment thereof for 



Use of a nucleic acid sequence as 

s 

a sequence represented by SEQ 
fragments thereof as targets for an 
growth stimulator. j 



-L 



ID 

agro 



a TAD and homologues, derivatives and 
growth characteristics of plants, preferably in 



resented by SEQ ID NO 2 or a homologue, 
le use as a growth regulator. 



represented 



by SEQ ID NO: 1 or a portion thereof or 
ISO: 2; or homologues, derivatives and active 
chemical compound, such as a herbicide or a 
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Abstract 



10 



Plants having modified growth: 



making 



Thk present invention concerns a method for q edifying the growth characteristics of plants by 



mqdulating expression in a plant of a nucleic 
fragment and/or modulating activity in a plant \ 
a1s|o relates to transgenic plants having! mod^ 
modulated expression of a nudleic acid ehcodiq 



jacid sequence encoding a TOB3-Dke protein 
a TOB3-Uke protein fragment. The invention 
ed growth characteristics, which plants have 
a TOBWike protein fragment 



i 

haracteristics and method for 
e same 

t 

i 

\ 



f! 
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CDS0671 



at£L2 (1325) 



; NOS terminator 

i 

screenable marker, 
constitutive promoter 

termlnator- 
t selectable marker-- 



constitutive promoter 



attB1 (685) 

CDS0671 

attB2 (2009) 
Zein terminator 

rtocS-cteltaGA terminator 

RB Ti C58 



LB Ti C58 



01/04 °03 15:49 FAX 3292415089 

t 

084TOB3-PROV 



CROPDESIGN 



r 



SEQ ID NO 1: CDS0671 
codon in bold 



coding seqd »xxce j from LIMS , start and stop 
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aafctcccgggatatcgtcgacccacgcgf1:pcg lataaatctgcttttggaaacattgtgttg 
caitccttctcttcagaggageatagaacicc^gctagggccacagcaaacaccaagtctca 
cc^ggcaccatttcgcaatatectcttt2tat§wtcctcctggcactgggaaaacaatggttg 
ctagggagatcgcaagaaaat cgggtttg^aOTatgpcatgatgactggaggggatgttgca 
cccctgggtgcacaggctgtcaccaaaattcaifcgagatattcgattgggccaaaaaatcaaa 
takaggcctactgcttttca t tgatgaggctg ktgc^t b tttgtgcgagcggaatagt acat 
acatgagtgaagctcagcgac gtgctttaiaat jctttactctttcgaacaggggaccagtcc 
cg'agacgtagttcttgtccttjgcgaccaa'cag jcca.^gagatctagacagtgctgtcactga 
ccgtatagacgaagttatcgaattccct t drtcc :tcaagaagaagagcgtttcaaattgctga 
agctctatttgaacaagtaccjttgctggtgad jgagacagtgacagcaattctaagtggggg 
cacctcttcaagaagaaccaacaaaagagtjat lacc^tacaagatttgtctgatgatgtgat 
tagagaggctgctaagaagatjagaaggetitct jiggccgtgagattgcaaaacttatggcaa 
gtgttcaagcaactgtatatgggagccca|galA^ 

atcgtagattacaaggtcgctigagcatdaccaltcga^taaaactagctgctgaaggtatgga 
gcpaacttaccaggggaat^actgac^GcatAaagatacaagtgtctttcactgatacgaa 
ttgttgaaaatttgtttattatctctttSggta 
cttaggatattgtagtttagdtgtactaijtt 



tatigcatgcaaaattcattttttccaaa 
gcttggggaatgagcactggatggtggac 



gtg^ttcagggttcaatgggacgttaci^ttt&atgggtacatagctcacttgggctgtaat 



tgtattgattctgtggatcgcaggaaasfeac 
at ga agt ct ct 1 1 gaaatagqt c t ct gtjt ;at 
gcggccgctctagagtatccqtcgaggggbc* 



SEQ IB NO 2: CDS0671 



deduced 



MLFYGPPGTGKTWAREIARI^GL^ 

SR&VVLVLATNRPGDLDSAVTDRI DEVI 
GHLFKKNQQKRITIQDLSDDVIREAAKK 
rVDYKVAEHHQRIEOiAAEGMEPTYQGN 



CDiEADAFLCERNSTYMSEAQfjSALNALli« 
EFPLPQEEERFKLLKLYLNIO LAGEGDS 
lEpFSGREIAKLMASVQATV^ GSPDCVIjlbjSQ: 



ccat:tgaatagataaatagtaggcaaaac 
aat'atcaactaacctatcttttgattacc 
agc-fctacgcgt 



pro ^inj sequence 
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